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@ Optical authentication device. 


@ An optical device (10) receives incident light 
(28) having a minimum wavelength, and pro* 
duces resultant light containing an optical im- 
age (32). The device (1 0) includes a first material 
(20) having a first index of refraction and a 
surface (18) embossed with an optica] interfer- 
ence pattern (16) and a second material (22) 
having a second index of refraction deposited 
onto the embossed surface (18) of the first 
material (20). The depth of deposition is at least 
equal to three quarters of the minimum 
wavelength component of the incident light 
within the second material. 
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BACKGROUND OF THE INVENTION 

The invention relates to optical devices for receiv- 
ing incident light and for producing resultant light con- 
taining optical images. More particularly, the inven- 
tion relates to optical devices in which the optical im- 
age contains information concerning the genuine- 
ness of a document or item. 

Photocopy reproduction technologies have made 
significant developments in the last decade. These 
developments have improved the quality of reproduc- 
tions as well as lowered the costs of reproducing 
documents. As a consequence, it has become in- 
creasingly easier for those inclined to produce coun- 
terfeit documents to do so. Relatively inexpensive 
photocopy machines can today produce high quality 
color copies which may not be discernable from their 
originals. 

As a security measure, authenticating means are 
now incorporated into official documents to foil would- 
be counterfeiters. For example, negotiable instru- 
ments, currency papers, etc, might include optical 
patterns which can be seen only with infrared or ul- 
traviolet light; and identification or validation cards 
might include optical interference patterns for produc- 
ing optical images in the visible, ultraviolet or infrared 
spectrums. 

Producing official documents having optical in- 
terference patterns, such as holographic emboss- 
ings, is a favored technique because such patterns 
are difficult to duplicate. Typically however, official 
documents with such authenticating means are ex- 
pensive to produce in large quantities. A significant 
portion of this cost is due to the fact that embossed 
optical interference patterns must be protected from 
damage during handling, storage and use. 

For example, surface embossing techniques, 
such as are disclosed in U.S. Pat. No. 4.250,217, gen- 
erally result in an external polymeric surface em- 
bossed material. The embossment on such a device 
is vulnerable to dirt partides and other foreign sub- 
stances which might damage the embossed relief pat- 
tern. Not only could such partides absorb some inci- 
dent light (thus rendering the polymeric material less 
translucent), but such substances could also destroy 
the embossed relief pattern by eroding or abrading it 

Prior art techniques for protecting embossments 
indude excavating an optical pattern through a non- 
absorbing coating. For example, U.S. Pat No. 
4.626.445 disdoses surface excavation techniques 
as well as the excavation of an optical pattern 1) 
through a substantially non-absorbing coating, and 2) 
through a substantially non-absorbing substrate. 
These techniques, however, are costly and time con- 
suming. 

There is thus a conflict between the need to pro- 
duce off idal documents which are difficult to copy yet 
which can be mass-produced inexpensively. 


Accordingly, it is an object of the present inven- 
tion to provide an optical authentication device which 
is relatively inexpensive to manufacture yet difficult 
for others to duplicate. A related objective of the pres- 
5 ent invention is the provision of means for inexpen- 
sively preserving films containing surface embossed 
interference patterns. 

SUMMARY OF THE INVENTION 

10 

These and other objects and advantages are 
achieved in the present invention with the use of a 
plasma deposited material with a first index of refrac- 
tion deposited onto an embossed polymeric material 

f5 with a second index of refraction different from said 
first index of refraction. The embossment is used to 
form an optical image which may be viewed for au- 
thentication purposes. The minimum depth of depos- 
ition of the second material is related to the inddent 

20 light and the second index of refraction. Specifically, 
the depth of deposition is at least equal to three quar- 
ters of the minimum wavelength component of the in- 
cident light within the second material. 

An adhesive film may be applied to either the 

25 polymeric material or the plasma deposited material. 
This allows inexpensive embossing techniques to be 
employed in mass production applications. The adhe- 
sive film may then be used to bond the optical device 
onto another item to provide an optical authentication 

30 means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of an optical de- 
35 vice of the invention; 

FIG. 2 is a diagrammatic perspective view of a 
personal identification item made from an optical 
device of the invention; 

FIG. 3 is a cross- sectional view on an enlarged 
40 scale of the item shown in FIG. 2 taken along line 
3-3 of FIG. 2; 

FIG. 4 is an exploded cross-sectional view of the 
materials used to form the item shown in FIG. 2; 
FIG. 5 is a diagrammatic side view of a another 
45 item made from a different embodiment of the 
optical device of the invention; and 
FIG. 6 is a cross- sectional view on an enlarged 
scale of the item shown in FIG. 5 taken along line 
6-6 of FIG. 5. 

50 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

The present invention is directed towards protect- 
55 ing surface embossed optical interference patterns, 
and spedf ically for providing coatings on embossed 
optical interference patterns. 

Protecting a surface embossed pattern with a 
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coating is difficult due to the optical properties of 
commonly used materials. Because optically dense 
materials, such as glass, are difficult to emboss, it is 
desirable to emboss polymeric materials, which are 
less optically dense. Unfortunately this presents sig- 
nificant material limitations for the coating. The pres- 
ent invention provides cost effective solutions to 
these limitations. These limitations, as well the solu- 
tions of the present invention, are discussed below. 

FIG. 1 shows one embodiment of an optical de- 
vice 10 of the present invention together with an ad- 
hesive material 12 applied to one side of the device 
10. The adhesive material 12 is temporarily covered 
with a release material 14. The optical device 10 in- 
cludes an optical interference pattern 16 which is em- 
bossed into a surface 18 of a first material 20. and is 
subsequently coated with a second material 22. The 
adhesive third material 12 is then applied to the opt- 
ical device 10. The dimensions of the materials as 
shown are exaggerated for illustration purposes. 

The optical interference pattern 1 6 could be a dif- 
fraction grating or an embossed holographic pattern 
in various embodiments of the invention. The optical 
interference pattern 1 6 shown in FIGs. 1-4 is a diffrac- 
tion grating containing grooves illustrated at 24a-e. 
The grooves are evenly cut into the first material 
about .015 inches apart, and to a minimum depth of 
approximately .0000001 inches. In the embodiment 
of FIGs. 1-4, the interference pattern consists of 
grooves cut in a linear fashion. Alternatively, however, 
grooves could be cut in a radial format, somewhat like 
the concentric grooves of a phonographic record al- 
bum. 

Suitable materials for surface embossing include 
polymeric materials such as polyester, polypropylene, 
or polyvinylchloride. and/or acrylic materials. In the 
present embodiment a polymeric material having an 
index of refraction of 1.45 is used. The surface em- 
bossed material 20 may itself be a film or a coating on 
some other base material. 

In the present embodiment, it is preferred that 
the coating material 22 be optically dense, transpar- 
ent and susceptible to being plasma deposited at rel- 
atively low temperatures. Glass materials can be 
used, however, many glass materials require high 
temperatures for deposition. In the present embodi- 
ment, doped silicon dioxide (SiOJ is used. The SiOj 
may be doped, for example, with titanium dioxide or 
barium sulfate. Silicon dioxide is a preferred ingre- 
dient in the coating material 22 of the present inven- 
tion because it is relatively transparent, it deposits rel- 
atively easily, and it may be doped to achieve a high 
index of refraction (1.7 - 1.8). The plasma (ionized 
gas) deposition may be achieved with the aid of radio 
frequency (RF) stimulation. Alternatively, plasma 
chemical vapor deposition techniques, as wefi as 
sputtering deposition techniques may be employed. 
Moreover, pure Si0 2 , as well as other materials. 


which vaporize at different temperatures and pres- 
sures, may be used. 

The coating material 22 should fill each of the em- 
5 bossed grooves 24a-e. and must be deposited to a 
minimum thickness. The present invention produces 
an optical image in the visible light range (4000A to 
7000A) and uses a coating material 22 having an in- 
dex of refraction of about 1.75. The minimum thick- 

io ness required of the coating material 22 has been 
found to be 1714A. 

The depth of 1714A is required to at least allow 
the violet light (with a wavelength of about 4000A) to 
form its component of the optical image. A depth of 

1$ 3000A would allow all of the colors of light to form 
their respective components of the optical image. A 
deposition depth of at least 3000A is preferred for opt- 
ical devices which produce multi-color optical images. 
These determinations rely, in part, on the relationship 

20 between the index of refraction of the coating material 
22 and the minimum wavelength of incident light to be 
used in connection with the optical device 1 0. Further 
embodiments utilizing variations on the above rela- 
tionship are described hereinafter. 

25 The adhesive material 12 may be applied to the 
coating material 22. The thickness of the adhesive 
material 12 is preferably about .001 inches. The ad- 
hesive material 12 may be contact/pressure sensi- 
tive, in which event a release material 14 may be em- 

30 ployed. 

The optical device 1 0 of the present invention can 
be used in a wide variety of applications. For exam- 
ple, the invention may by used to provide an optical 
authentication feature on official documents to foil 

35 would-be counterfeiters. Alternatively, the optical de- 
vice 1 0 of the invention could be used to obtain attrac- 
tive decorative features on children's toys, point-of- 
purchase displays, specialized lenses or windows, or 
on various packages, such as plastic bags, bottles, 

40 etc. 

FIGs. 2, 3 and 4 show an item of personal identi- 
fication 26 employing an optical device 10 of the in- 
vention, incident light is depicted at 28, and resultant 
light is depicted at 30. The resultant light 30 contains 

45 an optical image 32 in the form of a color spectrum 
as produced by the diffraction grating 16. 

As can be best seen in FIGs. 3 and 4, the item 26 
comprises the surface embossed material 20, the 
coating material 22. the adhesive material 12. an in- 

50 formation layer 34„ and an encapsulating material 36. 
The information layer 34 may, for example, contain 
personal data 38 and a photograph 40 of the card 
holder. 

The encapsulating materia! 36 comprises a top 
55 layer 42 and a bottom layer 44. The layers 42 and 44 
extend beyond the edges of the optical device 10 and 
the information layer 34. and adhere to each other 
upon lamination. The components are combined as il- 
lustrated in FIG. 4. 
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FIG. 3 diagrammatically illustrates the path most 
of the light travels as it passes into and out of an opt- 
ical device. Initially, the incident light 28 refracts into 
the top layer 42 of the encapsulating material 36. and 5 
proceeds through the surface embossed material 20. 
The light then refracts through a first surface 46 of the 
coating material 22. Once there, it internally reflects 
off of a second surface 48 of the coating material 22 
and refracts out through the first surface 46. At this 10 
stage the light passes through the optical interfer- 
ence pattern 16 and thus produces an optical image 
32 which passes through the surface embossed ma- 
terial 20 and finally through the top layer 42 of encap- 
sulating material 36. In the present embodiment ma- ?5 
terials 20 and 36 have similar indices of refraction. 

At each of the juncture planes 50a-50g through 
which light passes, some light is reflected back into 
the medium from which it travelled, and some light is 
refracted into the medium towards which the light is 20 
travelling. At juncture planes 50a-c and 50e-g most of 
the light is refracted, and at plane 50d most of the light 
is reflected. The remaining light not following the 
above described path is largely lost with respect to 
forming the optical image 32. The optical device 10 25 
and the item 26 are designed to keep these and other 
losses to a minimum, in part, by using materials which 
are essentially clear. 

The information 38, 40 contained within the infor- 
mation layer 34 should be visible through the encap- 30 
sulating material 36. the surface embossed material 
20. the coating material 22. and the adhesive material 
12. This provides an optical item 26 with multiple opt- 
ical functions, i.e.. both the information 38. 40 and the 
optical image 32 may be viewed. 35 

A dark translucent material could be used for any 
of the materials 12. 20, 22 and 36. A dark translucent 
material, however, would absorb much of the light 
which entered it and subsequently darken the view of 
information 38, 40 as well as the view of optical image *o 
32. A colored translucent material would filter all col- 
ors of light except the color of the material. In alter- 
native embodiments, either of these may be desired 
authentication features. 

The viewing of the optical image 32 is limited to 45 
a certain range of viewing angles. This range of view- 
ing angles is determined by the angle of incidence of 
the incident light 28 as measured from the surface 54 
of top layer 42 of encapsulating material 36. General- 
ly, incident light 28 entering the item 26 of FIGs. 2-4 50 
will not produce the optical image 32 if the light 28 en- 
ters the top layer 42 of material 36 at too shallow of 
an angle. This provides a further authentication fea- 
ture in that the optical image 32 is visible only within 
a certain range of viewing angles. 55 

Those skilled in the art will appreciate that this 
feature is due to the critical angle associated with me- 
diums 20 and 22. i.e.. the angle beyond which light 
travelling through the more optically dense of the two 


mediums will not refract into the other less optically 
dense medium. 

Specifically, with reference to the optical device 
10 of the present embodiment, as shown in FIG. 3. 
there will be a critical angle associated with juncture 
plane 50e such that light travelling through the coat- 
ing material 22 towards the embossed material 20 at 
an angle less than the critical angle (as measured 
from surface 46) wilt not refract into the embossed 
material 20. The range of angles by which the optical 
image 32 may be viewed is thus limited. The extent 
to which the index of refraction of the coating material 
22 is larger than that of the embossed material 20 will 
impact the range of angles of viewability as well as 
the boldness/brightness of the optical image pro- 
duced. Those skilled in the art will appreciate that 
there exist many variations on the present embodi- 
ment which may be used to provide a variety of optical 
authentication features. 

If the indices of refraction of the embossed ma- 
terial 20 and the coating material 22 are the same, 
then the interference pattern 1 6 will effectively be lost 
and no optical image 32 will be produced. In this case 
the combined materials 20. 22 will optically act as one 
medium having one index of refraction and having no 
optical interference pattern 16. 

In an alternative embodiment the index of refrac- 
tion of the coating material 22 may be less than that 
of the embossed material 20. In this embodiment, 
however, there will be a critical angle associated with 
juncture plane 50c such that light travelling through 
the embossed material 20 towards the coating mate- 
rial 22 at an angle less than the critical angle (as 
measured from surface 46) will not refract into the 
coating material 22. 

Another feature of the coating material 22 rele- 
vant to forming alternative embodiments of the inven- 
tion relates to the required minimum depth of its de- 
position. Applicant has found that the minimum re- 
quired thickness of the coating material 22 is related 
both to the type of incident light 28 which will be em- 
ployed in using the optical device 10, and to the index 
of refraction of the coating material 22. 

If the depth of deposition of the coating material 
22 is less than one or two wavelengths, then there is 
likely to be a supplemental interference pattern pro- 
duced by the light reflected off of the coating material 
interfering with the light emerging from the coating 
material. Applicant has found that the desired optical 
image is best produced in the present embodiment 
when the destructive effect of the supplemental inter- 
ference pattern is minimized. 

As those skilled in the art will appreciate, the sup- 
plemental interference pattern can be generally de- 
scribed by the following equation for maximum inten- 
sity: 

2 x d = (m * 1/2) xXJr), m = 0. 1. 2. ... 
where d is the coating depth, X is the wavelength of 


4 


7 


EP 0 570 120 A2 


8 


the incident light, and n is the index of refraction of the 
coating material 22. Applicant has determined that 
the destructive effect of the supplemental interfer- 
ence pattern is sufficiently minimized when the first 
maximum is avoided, i.e.. when m = 1 above. Thus the 
minimum depth of deposition of the coating material 
22 is 

d = 0.75 x X,,. where = X/ti. 
The wavelength \ is the wavelength of the incident 
light within the coating material. Consequently, for- 
visible light, the minimum depth of deposition of the 
coating material 22. having n. = 1.75. required for vio- 
let light (4000A) to contribute to forming the optical 
image is d = 1714A. Similarly, the minimum depth of 
deposition required to allow red light (7000A) to con- 
tribute to forming the optical image is 3000A. Alterna- 
tively, for purposes of manufacturing uniformity, the 
depth of deposition could simply be set to a thickness 
greater then the above minimums; such as. for exam- 
ple, 6-X/2. 

In alternative embodiments, similarly derived lim- 
itations exist for ultraviolet light having wavelengths 
ranging from about 10A to 4000A and infrared light 
having wavelengths ranging from about 7000A to 
10.000,000A. Further embodiments could be used 
with incident light of different frequencies, and involve 
different coatings having different indices of refrac- 
tion. 

Yet another feature of the materials 20 and 22 rel- 
evant to forming alternative embodiments of the in- 
vention relates to whether the optical device 10 is de- 
signed to be transparent or opaque. The embodiment 
of the optical device 10 shown in FIG. 1 functions as 
an optical transmission device; that is the optical de- 
vice 10 transmits light The coating material 22, the 
surface embossed material 20, and the adhesive ma- 
terial 12 are each substantially transparent in this em- 
bodiment The optical image 32 should appear if the 
device 10 is positioned between the viewer's eye and 
the light source. 

Alternatively, the device of the invention could 
function as an optical reflection device. This could be 
achieved by including another layer of material which 
provides some reflectance, or the adhesive third ma- 
terial itself could be fabricated of a material which pro- 
vides the some reflectance. 

For exampte, FIGs. 2-4 show an optical device 10 
which by itself functions as a transmission device, ap- 
plied to an information layer 34 which provides some 
reflectance. This embodiment allows the optical de- 
vice 10 to be used in a reflective fashion. The optical 
image 32 should appear if the device 10 is positioned 
such that it reflects light from the light source back to- 
wards the viewer's eye. Further embodiments could 
utilize various aspects of both reflectance and trans- 
mission properties. 

FIGs. 5 and 6 illustrate another embodiment of 
the invention wherein an optical interference pattern 


DpticaJ device for receiving incident light (28) 
for producing a resultant light containing an 
:al image (32), said incident light comprising 
ast one component having a minimum wave- 
ith. said optical device comprising; 

a first material (20) having a first index of 
iction and a surface (18) embossed with an 
;aJ interference pattern (16) and 

a second material (22) having a second in- 
of refraction different than said first index of 
iction, said second material (22) being depos- 
onto said surface (18) with the depth of de- 
tion of said second material (22) being at 
>t equal to three quarters of said minimum wa- 
velength component of said incident light within 
said second material (22). 

2. An optical device as claimed in daim 1, wherein 
45 said index of refraction of said second materia) 

(22) is greater than said index of refraction of said 
first material (20). 

3. An optical device as claimed in claim 1 or 2 fur- 
so ther comprising an adhesive third material (12) 

applied to an exposed surface of one of said first 
and second materials (20,22) 

4. An optical device as claimed in claim 3, further 
55 comprising a cover material (14) releasably ad- 
hered to said adhesive third material (12). 

5. An optical device as claimed in daim 3 or 4 
wherein said adhesive third material (12) is a con- 


is embossed onto a unit of packaging, specifically a 
bottle 56. A first material 58 of the bottle 56 is surface 
embossed with an optical interference pattern 60 on 
5 its outer surface 62. A second material 64 is deposited 
onto the embossed outer surface 62 of the bottle 56, 
thus preserving the grooves or holographic depletion 
regions 60. 

As incident light 66 passes through the bottle 56 
10 and emerges as resultant light 68 through the surface 
embossed pattern 60, the optical image 70 is pro- 
duced and passes through the second material 64. In 
the embodiment shown in FIGs. 5 and 6. the optical 
interference pattern 60 is a holographic embossment 
15 and the resulting holographic optical image 70 in- 
cludes the words "LOGO IMAGE". It is well known in 
the art that a very wide variety of images may be sur- 
face embossed and reproduced in such a manner. 
It will be appreciated that modifications and 
20 changes may be made to any of the above described 
versatile embodiments without departing from the 
scope of the invention. 
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tact adhesive. 

6. An optical device as claimed in any one of claims 

1 to 5 wherein the optical image (32) is usable to 5 
authenticate information included in the first ma- 
terial. 

7. An optical device according to daim 6, when ap- 
pended to daim 3.4 or 5 and further comprising io 
further material (34) adhered to said adhesive 
third material (12) said further material also in- 
cluding information which also may be authenti- 
cated by the production of said optical image re- 
sponsive to said incident light is 

8. An optical device as daimed in any one of daims 
1 to 7 wherein said depth of said second material 
(22) is between about 1.500A and 10,000 A. 

20 

9. An optical device as daimed in any one of daims 
1 to 8 wherein said embossed surface (18) of said 
first material (20) is substantially planar. 

10. An optical device as daimed in any one of daims 25 
1 to 9 wherein said first material (20) is an acrylic 
material. 

11. An optical device as daimed in any one of daims 

1 to 10 wherein said second material (22) is de- . 30 
posited via plasma deposition. 

12. An optical device as daimed in any one of daims 
1 to 11. wherein said second material (22) in- 
cludes silicon dioxide. 35 

1 3. An optical device as daimed in any one of daims 
1 to 12 wherein said optical interference pattern 
(16) is a diffractive grating. 

40 

14. An optical device as daimed in any one of daims 
1 to 12 wherein said optical interference pattern 
(16) is a holographic pattern. 

1 5. An optical device as daimed in any one of daims 45 
1 to 14 wherein said incident light (28) received 

by said device for produdng said optical image is 
visible light, ultraviolet light or infrared light. 

16. Amethod of coating a surface embossed material so 
(20) having a first index of refraction, said surface 
embossed material serving to receive inddent 
light and to produce resultant light containing an 
optical image (32) said inddent light comprising 

at least one component of light having a minimum 55 
wavelength, said method comprising the steps 
of: 

depositing a coating material (22) having a 
second index of refraction different than said first 


index of refraction onto a substantially planar sur- 
face (18) of said surface embossed" material (20) 
to a depth of deposition at (east equal to three 
quarters to the minimum wavelength component 
of said incident light within said coating material. 

17. A method as daimed in daim 16 and further in- 
cluding the step of embossing said substantially 
planar surface (18) of said surface embossed 
material (20) prior to the step of depositing said 
coating material (22) onto said surface embossed 
material. 
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